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M eas u r e m e ntB Ofthe sky r adiatio n at a s c attering a ngle of go
o
w er e m ade by a 皿 ulticha n n el
polarim ete r a sw ella sthedir ectsola r r adiatio n at w a v el ngths 0f 443n n, 490n m, 565n m,670n n, 765Il m,
,
aLld 865n m o v er thePaciAc Ocea nin Angu st1997･ ando ver theInlaJldSea of Japa nin Septe mber1997･
To in v e 白tigate the fea sibility of the u s e of the degr e e ofpolari2:atio nto retrie v ethe opticalpr operties of
atm ospheric aer o so1日 ov e rthe o c e a n, r adiativ etr a n sfer calc ulation s w e r epe rfo m ed･u sing thedoubling･
adding rnethod for a r e alistic atm o spher e･ o c e a n m odel. Ae ro s ols w e re as stl m edtobe c o mpo s edof
``
w ater
s oluble
''
andL'o c e a nic” m odels whe r ethe s e c o mpo n e nts a r e exter n any mixed, Particle白 ar e as s u m edtobe
spheric al, a nd the 由 e distribution s a r e als o a s s u m edto be e xpre ss ed by thelog･ n o rmal fun ction 日･ A
lo ok･ uptable of thedegr e e ofpolamiatio n ata s e attering angle of 9ぴ
'
わ90)w a s cre ated withpa r am et rs of
the s .1a, zenith angle, the a er o sols optical thickn es s at九=5 50n m(1a .550), a nd主beAngstr8m c o efqlCient(α).
1:a
.
5 50 and α w ere sl m ultan eou sly r etrie v ed u sing thelook. up table. M ost of thedj蝕 re n c esbetw een the
la
.
55 0r etriev ed fro mp90 and tho s ederiv edfrom thedir e ct solar radiatio n w er ewithill0.03.
1. Int1･OdⅦctio n
s inc eradiation dete cted at s atel比e s en so rs o v erth oc e a nis signiBc a ntly in瓜uenc ed bythe r adiatio n
fro m atm ospheric s c atterers such a s ae ro s ols a nd m ole cules, itis e s8 e ntialto c or r eet their effects tO
qu antitativ elyde riv ethe o c ea nicinfo rm atio n･ T he atm o spheric co rre ctio nrequire spr ecis einfo r m atio n of
atm ospheric a e ro B Ol乱 Atm o spherie c o rr e ctionte chniqll eSfirst estim ate the aer os ol m odela ndits cFPtical
thickne s fro m thelo nger w a v elength ba nd昌 Ofa oc e a n c olor s e n s o rthen deriv e o c e a nic info r m ationfro m
the shorte r w av elength band8(fo r e x a mple, Gordo n, 1997;Fr a B er etd･, 197). Fo rthis pu rpo s e, itis
ne ce ss a ry to prepare appropriate a e ro s olrn odels･ Ho w ev er, the r e a r e n ot s o m a ny m e a s11 re m e nt白 Of the
solar a ndsky radiatio n ov e rthe oc e a nfr o血 v e ss.
el日 田op peleta[･, 1990;Takaya m a eta1, 1991;Ko rota ev et
a[
”
1993;Villeval de et al., 1994). Th8 pu rpos e Of th ispaperis to investigate thefe a sibihty dftlSingthe
degree ofpolarizatio nto r etriev ethe opticalpr operties ofa eros ols o v erthe oc e an a ndto 血d a c a ndidate
a er os olm odelfo rthe atm o 5pll eric c or r ectio n.
2. Atm osphere ･ Oc eam Syste m h4odel
Do w n w a rd adiatio nju st abo v ethe o c e a n 白u rfac e wa s c o mputed by the do ub hg･ adding m ethod-for
w a v el ngths(A)of4 43n m, 490n m, 565n m, 670n m, 765n m, and 865n m･ T he c o nputationalm ethodis the
s a m ea su sed byM a s uda a nd Taka 8hlma(1988)whe r e multiple sc attering
.
a ndpolarization aretaken into
ac c o u nt
._Aplan e
-pa rauel a nd v e rtic ally in llO m Ogen eO u S atm o sphe rei畠 Sl m ulated byfollr hom ogeneo u s
s ub･laye rs(O1 2kn, 2･5km , 5･ 18km , 13･100 kn). The optic al thickn e ss ofm olec ular sc attering andabsorbent
c o n stitu e nts su ch a s o z o n e w e r e obtain ed by L O WTR A N 7畔n eizys et all 1988) for the mid
･1atitude
畠u m mer m odel. Thedepolasiz atio nfa cto r of atm o sphe ric m olec ule sis O･0295 a cco rdingtO Kn eizys et al･
(1980). Theba sic c o mpo n e nts of the m a ritim e a ero s olm odela rege n er allythe
"
o c e anic
D
m odel(O C)forthe
pa rticlesgen er ated atthe s e a s u rfa c e a ndthe
''
w ater soluble
''
m odel(W S)fo r a er o s ols soluble inw ate r a nd
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co n siting ofa mixtu r e ofs ulfate, nitr ate, and o rga nic C o mpo n e nts(ⅣCP･1 12, 1986). The s etw o types of
a er os olco mpo n e nt m odels a r e C O n Side r ed in this sttldy whe re they a re a ss u m edtobe ext,e m auy mixed.
The 由 ediBt ributio nfor e a ch a e ro s olm odelis e xpr es s ed bythelog･ n o mal fu n ctio n,
盟 - 志木 甥 (1)
wher e 血is the m ode r adi118 and ln ois the standard deviation . The a ero solpa rticles are a s su medtobe
spheric al. m e sc atte ring m atric e弓 are C Om puted by theVie sc atteringthe ory for the radius r arL酢 ngfroTn
0.00叫m tb 10.Opm . The O Cm odelis adopted fro m the Radiatio n Co m missio n r epo rt(W CP･ 112, 1986)
wher e(L h. O) a r e(0. 叫 m , 2.51tL m). T he r efra ctiv eindic e s at 九=4 43n m a nd 865n m a r e1.884･i8.01× 10･9,
1.372･il.21× 10･6. The WS m odels is adopted from the W C P-55 repo rt(W CP･55, 1983) with(Lh, 0) of
監Z288655Pnni2a'rOel15.p5;.)i.T.h.e5r
,
e
1?5
b
2i.e.crle2駕ebyiog
o
;
o
tr::mc o%10c慧怒a.1fu3ie7Bec:&frsa:t:eedinaTlc.e88olL:fd3eT芸
sho w ninFig. 1 a s afun ctions of a ratio ofthe W Sco mpo n e nt(fw)to the optical thickne 自白(WS＋O C) at
九=550n m(T&.56 0).
The o c e an s u rfa c eis sim ulated by m ultiplefa c ets who s e slope s v ary a c c o rdingto the windspe ed o v e r
the o c e a n(Co x a nd Hu nk, 1954). W ind spe edis a sstl m edtobe5m/s ee. The effect of the white c apsis n ot
take n hto a cc o u nt.
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Fig1 1Ångstrom c o efBcie nt(α)a s afun ction ofa r atio ofw ate r-s oluble c o mpo n e ntto the a e r . s1Optical
thickn e s s a七人=550n m,
3. In st.r u ments and M e a 8tl r e m e ntS
F PRIOOO(OptoRes e a r ch Corpo r atio n)is apo rtable m ulticha n n elpolar 1 m et rtO m e a Su reth di瓜ISed
sky radiatio n a s w en a sthedirects ola r r adiatio n. T he specific atio nandc ahbration of FP RIOOOisdescribed
in Ma s uda a nd Sa s aki(1997)･ A brief des c riptio nisgiv enhe re. FP RIO OOha ssix interfere n c efilte rs who s e
c e ntralw av el ngthsOl alftransmi朗io nba nd wi d th)inn m a r e443(20), 490(20),565(20),670(20), 765(40),
a nd 865(4O). T he s e w a v ele ngth regio n s co r r espo ndto tho s e of PO LI)E Rand the Oce anColor a nd
Te mperatu re Sc an ner(O CTS)s e n s ors o nbo a rd A D E O S. A Glan - Thom ps o n.pris mis instaned in fr o nt of
theinterferen c e丘1tersI Thefieldof vie w i8 2ol The dete ctor is a silic o nphotodiode･ T he ac c u ra cy of
pola血 atio n m e a s u r e m e ntsis estim atedtobe abollt l % inpolariz atio n u nits(M a sllda a nd Sa s aki, 1997).
Calibr atio n constants for the dir ect s ola r r adiation m e asu rem ents w ere dete r mined by the m odiBed
La ngley pわt at M alln aLea Obs e n,ato ry(M a suda and Sa saki, 1997)in De c er nbe r1996a nd in De ce mbe r
1997･ FP R6000is simila rto theFP R IOOOe x c eptthat the rotation ofthe polariz eris c o ntroned by a step
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m oto r which m ake site a sie rto m e as u r eth sky r&dl atio n.
The sky radiatio n w a s m e a s u r edo v rthePa ci且c Oce a nfr om Eobe, Jap an toflo n olulu, Ⅲa wai1byth,
e
training ship(Seiu n･ m a ru)oftheln stituteforSe a-Tr ain ing, Min istry of Tr a n spo rt of Japa n in Augu st
1997. Simda r m e a stlre m e ntS W e r e m ade o v ertheInland Se a of Japa nbythetr aining shipOTukae･ m 肝 1.)of
theM aritim eUniv e r由y ofEobe inSepte血be r1997･ Wc r efertothes ec ruis es a Sthe PO and theIScmis es･
r e spe ctiv ely･ T hedegre e ofpola rization b90) w e r em e a su red by the F P R5000at a90
o
anglefr o mthe s ola r
directio nin theprin cipalpla n e, whe r ethedegre e ofpolariz atlO nisge n e r ally m a畠 m u m･ Thi白 e n able sll StO
get stable valu esde spite ship m otio n s･ The dir e ct s olar radiatio n w a Bals o m e a s u r ed by the FP RIOOO･
Figu r e2 sho w sthe obs erv ationalare a spresentedin th iBpape r･ The s ola r z enithangle畠(S ZA)w e r efro m
27.6
D
to57.9D 伊0)andfro m 38.8
o
to 57.2o OS).
97T
`
97 仲8/ll
0
ヽ､
､
ゝ
O])
Fig. 2 0bs e rv atio n ala r e a sfor(a)thePad 丘cOc e a n cmis e a nd(b)thelnla nd Se a of Japa n cruis e･ Figu r es
denote ye a r/m o nth /day.
4. Re stllt,ら
T he r elatio n ship ofp90betw e en 九=4 4 3n m a nd 865n mis show nin Fig･ 3 a弓 afun ctio n of-a155 0a nd fv ･
恥 e SZAis丘Ⅹedto46.8｡, butp90iB n otSignific a ntlyinflu e n c ed bySZA･ In o u r c alm 1atio n s, p白o diffe rsle畠白
tha nl % inpolariz atio n tmi tsfor22･5
｡
<SZA<6 0B fro mp90 atSZA= 45･8
Q
I The m ea su rem ents a real旦Oputted
in the丘gu r e s whe r e circle sden ote 血 e a 白u re m e ntSintheP Oc ruis e･ andcr o弼 StheIS c ruis e.
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｡｡去n m and 865n m a s afun cti. n .f.a ,B W anda
r atio of the w ate r･s oluble compoTL ent tO l&.5 50fo rSZ A= 45･8
o
･Dotted he畠de n ote the calculatio n s, whe re a s
cir cles(c ro s s es)de n ote m e a su r e m e nts inthePa ciRc Oce an c ruis e(thelnland Se a o
fJapan cmis e)I
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ち
,
B 60 a nd α w e r e r et riev ed fr o mthep9CatSix w av ele ngths. First, the c alculatedp90 W a Sin te rpolated with
r e spe ct tothe c o sin e of the SZ Aat the tin e of m e a s u r e m ent. A tw o･di皿 e n Sio naltable ofp90 W a Sthe n
c r e ated fo r T8
.
6 60=0.0to 1.28(step= 0.01), a nd fw =0.0to 1.0(step= 0.05)by interpolat ingthe calculatio n 日for
eightTa.65 0(0･0, 0.02, 0.04, 0,08, 0.16, 0.32, 0.64, and1.28)･andsixfw(0, 0, 0.2, 0.4, 0.6, 0.8, a nd1.0), using
the c ubic 8pline interpolatiozl m ethod. W e s ele cted(Ta .6BO,fw)pair which mini mi2ie Sthefonowing equ atio n
a sthe mo stprobable a e r o solm odel.
i(p恥 -(^” Ta･5 5 0,fJ -ふ90, - -(ÅL) (2)
Fign re 84(a)a nd(b)sho w, r e spe ctiv ely,the c o mparis o n ofTa 周 O a nd(xfro mp90wi ththo s edeter mined fro m
the dir e ct s ola r r adiatio n. Note that α is obtained fro m fv 伊ig. 1). Figu r e4(e)sho w sthe r et riev ed fv
(cro ss e s) a nd the r o ot m e a ndjf6e r en c e(m s9 0)ofpgobetw e enthe calculatio n s a nd m e as u r e m entsfo r six
cha n n els. r m s90 m aybe c o n sider ed a s a m e a s u re ofreliability Of the r et rievalofl&.5 50, α, and fw . Mo stofthe
r etriev edt8
.
5 50diffe rby <0,03 fro m tho s edete r mined by thedir ect solar radlatio n. The r etriev ed(1Value8
(αQ'90) a r e slmila rto thos efro m thedir e cts ola r r adiation(α(dip) for cL>1.0 which co r re spondto the c a s es of
てa
,
560(air)>0.1. Fo rthe c as es OfTa. 5 6 0, dJ'<0.1, ho w e v e r, the ab9O) a relarge rthan (ユ(dF)by abo ut0.5, e spe cialy
for α(dl r)≒0. The α v alu esfo rtheIS c ruis e a r ela rgerthan thos efo rthe PO c ruis eby about >0.5 be c aus e a
la rge W Sc o mpon e nt is included in the a e ro s olfo r the IS c ruis e. ¶1is is r e a so n able be c a u s ethe
rn e a s u r e m e ntsin thelSc n lis ew e r e made n e ar indu striala re a s, whe r e a sthe m e as u r e m e nt,s in the PO
c ruis e w er e m ade o nthe open sea .
5. Co n clu sio n
Sky r adiatio n a s w ella sdir ects olar r adiation w ere m e a 日u r ed wi thpo rtable m ulticha n n elpola rin ete rs
o v erthePa cincOc e a nin August1997, and ov e rthelnland Se a of Japa nin Septe mbe r1997. Thedegr ee of
pola ri2;atio n w a s m e a s u r edat a 90
c
angle血･o m the s ola rdire ctio nin theprin cipalpla n e. W e c alculatedthe
r adiativ etr a n sfer u singthedo ubling･ adding m ethodto?re ate alo ok･ uptable with thr e epa ra m ete rs(SZ A,
Ta
.
65 0, a nd ct)･ T&,8 5Oa nd a w e re r etiev ed fr o m p90 u S mg thelook- up table. Diffe r en c e sbetw e e n Ta ,6 60
r etriev ed from p90 a ndtho s edete r mined fr ornthe dir e ct s ola r r adiatio n w er e m o 8tly withirL0.03. S inc ea
valu esaredirectlyr elatedto a ratio of theW Sc o mpo n e nt to T& .5 6O, the 8i2=e distributio n of the aeros olm odel
is c on stru cted, which m ay be a c a ndidate a ero s ol m odel fo rthe atm osphe ric c o rr ectiollin the r egion s
witho ut v e ry absorptiv e a e ro s ols.
Fro m anobserv ationalpointofvie w,itSho uld be e mpha siz ed that it is e a sierto m e a stl r ethedegreeof
polariz atio n tha nthe r adlanC e O上trans mittanc ebe c a u s eit is a relative valu efo r whichcriticalcalibratioll
is n ot r equired. Fu rther, p9O, Whichge n e r allyis m a xim u m withr e spe ct to the obs e rv atio ndir ection, c an
easily be m e a sur edfro m ships be c al18 eit is n otinnu e n c ed v e ry m u ch by ship m otions. The m ethod
desc ribed in th is pape r m ay be u s ed･for the 8 atenite polariz atio n mca s u r e m e ntsfor s o m ege o m etrical
c o nditio n 8inwhich the obs e rv edr adiatio nis notsignific antlyinflu en c ed bythe S u ng上nt.
A 血oft,ledgm Lu=由･ W e are gr atefulto the members of the ln stitute for Se a･Training, Ministry of
Tr a nspo rt_of Japa
n
, and the c aptains and c r e w s of the train ing ships Seiu n･ m a ru and Fuka e･ m a rufor
their c operation to the obs e rv atio n s. W e sin c e r ely tha nk Drs. S. M ukaia nd I. Sa n e ofK inkiUniv e rsity
fortheirhelpfu ldiscussiorlS O ni te rpr eting m e a s u r e m e nts froTnthe ship･ Pa rt of this study w a s suppo rted
by theM inistry of E dtl C atio n･ Cultu re, a nd Spo rtof Jap an a ndthe Natio nal SpaceI)eveloplne ntAge n cy of
Japa n.
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Fig. 4(a)Co mparis onofthe optical thicknes s ofa eros ols at入=550n m(T& .650)deriv ed なo mp90 at atSix
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(c)Root m e an squ a r ediffe r en c e ofp90betw e e n m e a s u r e m ents a ndcalculatio n 日in polariz atio n u nits
(circle s)a nd the retriev edr atio ofw ate r･ s oluble c o mpo n e nt to 匂,5 50(Crosses)･
- 49-
H oppel, W . A , I. W . Fit喝 eral d, G, M . Prick, and aE. Lar son, 1990:Ae)･o s olsiz edistributio n s a ndoptical
pr ope rtie sfotlndin the m arinebotlndarylayer ov erthe Atlantic o c e an. J:Ge opLL7S. Re s･ , 95, 3659･
8686.
En eizys, F, Ⅹ, a ndc o alltho rs, 1980:Atm o sphericTr a n smitta n c e/Radia n c e:Co mputerCode LO W T R A N5.
AirFo rc eGe ophysicsLabo rato ry, A F G L･T R-80･0067, Ea n sc o mAF B, MA, 23 3p p.
mleizys, F. X, a nd c o a utho r s, 1988: Us e rsguide to L O W T R A N7. A 血 Fo r ceGeophysic s Labo rato ry,
A F GL･TR･88･01 77, E an sc o mAFB, MA, 146pp.
Eo r ota ev, G. K , S. ”. Sakerin, A M. Ign ato v, L L. Sto w e, a nd E. P. McClain, 1993: Su n･photo m eter
obs eiTV atio n of a e r os ol ptical thickne s s ov e rthe N o rth Atla ntic fro m aSo viet r es e a rch
■
v es s el for
v a五datio n ofs atellite m e a su r e m e nt乱 J Atz220 S. Oce B D )
'
c Ted Luil.
,
10
,
7 25･73 5.
M a s uda, K. , and M. Sa s aki, 1997: A m ulii- spe ctralpolarin ete rfor m e asur e m e nts of dir e ct S Ola r a nd
di 駄s edsky r adiatio n :Calibr atio n a nd m e a s u r e m e nts . 9pb
l
c al Be n
'
e w, 4, 496･501.
M asuda, K., a nd T. Taka shim a, 1988:I)ependenc e ofthe r adiatio nju stabov e a nd belo w the o c e a n su rfa ce
on atm o spheric ando c e anic param eters . AR Pl. Opt. , 2 7, 489114898.
Taknya 皿 a,Y. , K Ma stlda, andT. Taka shim a, 1991: Pola 血 etric inv e stigatio n of the atm o spheric a e r os ol
ove rthePa ci&c oc e a n. h t, J Re m ote Sa D S, , 1 2, 969･983.
Villeval de
,
Y. Ⅴ.
,
A. Ⅴ. S mim o ∇, N. T. 0
'
n eill
,
S
.
P. Sm yshlya ev, a nd V, V . Yako vlev, 1994: M e a sur e m e nt
ofa e r o sol ptical depthin the Pa cific oc ea n a ndthe No rth Atlantic. J:Ge opLy5. Ro 且, 99, 20983-
20988.
W orld C 止m ate Progra m m e, W CP･55, 1983ニ Repo rt ofthe e xpe rt m e eting o n a e r os ols and their cll m ate
eue ctB,(A. De epak andH. E, Gerbe r, Ed8.), W o rld Meteo r olgical Orga ni2:atio n, Ge n ev a.
W orldCli皿 ate Progra m me, W C P･112, 1986:A prelim ina ry clolldle ss st anda rd atm o spher efo r r adiation
computation ‥ W M OPTI)･ No .24, Wo rld Mete o r olglC al Orga ni2iatio n, Ge n e v a.
- 50 -
